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MOTIVATION 

Total Primary Energy Supply by resource 
Reference: World Energy Council, World Energy Resources - 2013 Survey. 2013 
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HEBE PROJECT 

FEDER Funds through the program COMPETE: QREN-POFC-COMPETE-23101 
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WORK OVERVIEW 
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WORK OVERVIEW 

External circuit 

ORC circuit 
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1ST EVAPORATOR PROTOTYPE 
REQUIREMENTS AND WORKING PRINCIPLE 

Reference: ECR International. Research, Development and Demonstration of 

Micro-CHP Systems for Residential Applications-Phase I. 2011. 
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1ST EVAPORATOR PROTOTYPE 
MODELING 
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Micro-CHP Hebe Comercial limitations Combustion model 

Working fluid selection Composition of the combustion gases 

Working fluid temperatures (Tf,in, Tf,out ) Combustion gases temperatures (Tg,in, Tg,out ) 

Burner dimensions 



1ST EVAPORATOR PROTOTYPE 
CONSTRUCTION & ASSEMBLY 
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1ST EVAPORATOR PROTOTYPE 
COMMISSIONING 

1st stage 

2nd stage 
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1ST EVAPORATOR PROTOTYPE 
COMMISSIONING 

Burner manufacturer contact 

Burner operating in open chamber mode (emissivity = 0,9) 

Left picture: nominal power of 30% (Sp1 = 789.1 ºC and Sp2 = 958.1 ºC);  

Middle picture: nominal power of 50% (Sp1 = 827.2 ºC and Sp2 = 1006 ºC);  

Right picture: nominal power of 70% (Sp1 = 861.2 ºC and Sp2 = 1025.2 ºC). 

Burner operation without surrounding (emissivity = 0,9): 

Left picture: nominal power of 50% - regular picture;  

Right picture: nominal power of 50% - thermal picture (Sp1 = 267,8 ºC). 
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1ST EVAPORATOR PROTOTYPE 
EVAPORATOR CONTINGENCE SOLUTION 

• Burner changing? 

• Remove the inner cylinder of 

ceramic material? 

• Creating a cold surrounding? 
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1ST EVAPORATOR PROTOTYPE 
CONSTRUCTION AND COMMISSIONING 
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1ST EVAPORATOR PROTOTYPE 
TEST BENCH AND ACQUIRED DATA  

Measured parameters Sensor-type Operation limits Uncertainty 

Working and cooling 

fluid mass flow rate 

Vaned turbine 

flowmeter (infra-

red sensor) 

20 bar; 25 L/min +- 2% 

Working and cooling 

fluid (in and out), 

natural gas and 

condensate water 

temperatures 

RTD PT100 -50 to 500 ºC B class; 

Flue gas and flame 

temperatures 

Mineral insulated 
Type ‘K’ 

Thermocouple 

-40 to 1100°C +- 0,75% 

Working fluid pressure 

(in and out) 

Relative pressure 

transducers 

Inlet: 0 to 25 bar; -40 

to 120°C;  

Outlet: 0 to 20,7 bar; 

-73 to 149°C 

Inlet: +- 0,25% FS; 

Outlet: +- 0,25% 

linearity, hysteresis 

and repeatability 

combined 

Natural gas pressure 
Capsular pressure 

gauge 

0 to 60mbar; -20 to 

65 º C 

Class 1,0 according 

to EN 837-3 

Natural gas flow rate 
Diaphragm gas 

meter 

0 to 1,5 bar; -25 to 
55°C 

Class 1.5 according 
to EN1359 

Combustion products 

Dry flue gas 

analyzer with a 

non-dispersive 

infrared sensors for 

O2, CO2, CO, HC 

and NO 

O2: 0 to 25%; CO2: 0 

to 20%; CO: 0 to 

10%; HC: 0 to 

10000pmm; NO: 0 to 

5000ppm 

O2: 0,01%; CO2: 

0,02%; CO: 0,1%; HC 

(range 1ppm to 

2000ppm): 1pmm; 

HC (range 2000ppm 

to 10000ppm): 

10ppm; NO: 1ppm 

Condensate water, 

from combustion, mass 

Compact 

Toploading 

Balance 

0 to 6000g +- 0,1g 
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1ST EVAPORATOR PROTOTYPE 
EXPERIMENTAL METHODOLOGY 

With water as working fluid (in a open cycle): 

 Burner nominal percentage: 10%, 20%, 40%, 50%, 70%, 90% and 100%; 

 Working fluid mass flow rate: 0,1 kg/s, 0,15 kg/s and 0,2 kg/s; 

 Cooling water (CW) mass flow rate: 0,1 kg/s; 

 

With R245fa as working fluid (as a micro-cogenerator system): 

 Burner nominal percentage: 18%, 21%, 23%, 25%, 27% and 30%; 

 Working fluid mass flow rate: adjusted on-site (P1 rotation speed); 

 Cooling water (CW) mass flow rate: 0,1 kg/s; 

 

Time trial: 300 seconds/trial 
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1ST EVAPORATOR PROTOTYPE 
CHARACTERIZATION 

1st 

Λ 
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1ST EVAPORATOR PROTOTYPE 
RESULTS 
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1ST EVAPORATOR PROTOTYPE 
RESULTS 

0 

5 

10 

15 

20 

25 

30 

5 10 15 20 25 30 35 40 

P
o

w
e

r 
[k

W
] 

Combustion power [kW] 

Water as working fluid 

R245fa as working fluid 

Flue losses with water as working fluid 

Flue losses with R245fa as working fluid 

17 of 20 



1ST EVAPORATOR PROTOTYPE 
RESULTS 
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1ST EVAPORATOR PROTOTYPE 
CONCLUSIONS 

• Direct vaporization is possible. 

• This particular evaporator has: 

• High thermal inertia (response time); 

• Low global efficiency; 

• Promotes accumulation of vapor 

bubbles on the inside of the helical 
heat-exchanger; 
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